Zirconium alloys fuel claddings exposed to steam at High Temperature (HT, up to 1200°C) 
INTRODUCTION

LOss of Coolant Accident (LOCA) in Light Water Reactors LOss of Coolant Accident (LOCA) in Light Water Reactors
Zirconium alloys fuel claddings exposed to steam at High Temperature (HT, up to 1200°C) until quenching Most studies focused on the Large Break LOCA conditions and thus performed at atmospheric pressure Intermediate Break LOCA (IB-LOCA) conditions  Core uncovery occurs at relatively high primary pressure ( Dependence on the oxidation temperature and the alloy E110, ZIRLO™…) Oxide layer formed and hydrogen absorbed during in-service operation  Potential influence on the steam pressure effect (burn-up 
OXIDATION KINETICS AND HYDROGEN PICK-UP
Effect of P on fresh Zy-4 (2/3)
Dependency of Wg on P nearly exponential P effect increases with increasing t 
MECHANISMS RESPONSIBLE FOR THE STEAM PRESSURE EFFECT?
Mechanisms inherent to the P effect take place at the early stage of oxidation Mechanisms inherent to the P effect take place at the early stage of oxidation Oxidation mechanisms not fundamentally ≠ under high P and atmospheric P Influence of P on the reaction at the outer oxide/steam interface and/or on the oxygen transport through the existing oxide but not on the reaction at the inner M/O oxygen transport through the existing oxide but not on the reaction at the inner M/O interface and the oxygen diffusion beneath it Alloy dependent influence of P on the microstructure of the oxide formed at HT (and thus on the oxygen diffusion through it) but not really on the oxygen transport rate 
Oxide morphology, porosity and cracking P effect associated with a faster development within the oxides formed under high P of porosities and micro-cracks  Easier access of oxygen and hydrogen atoms to the metallic substrate 
Oxide phases and stoichiometry and metallic substrate Potential influence of P on the stability of the tetragonal phase of zirconia (metastable below 1000°C) and/or on the tetragonal to monoclinic phase transformation  Additional stresses and formation of pores or even cracks Eff t f P th id t i hi t ( i ) M i fl t Effect of P on the oxide stoichiometry (oxygen vacancies)  May influence atoms diffusion through the oxide, stability of zirconia tetragonal phase and/or oxide plasticity (sometimes, whitish color of the outer surface of the oxide layers formed on Zy-4 under high P) P effect potentially related to the evolution of the characteristics and the resulting P effect potentially related to the evolution of the characteristics and the resulting properties of the metallic substrate, in particular at the beginning of the ox. process , oxidation kinetics of as-fabricated lowtin Zy-4 enhanced and combined with a significant but limited hydrogen uptake since the early stages of oxidation P effect quite low or negligible between 750 and 1000°C for as-fabricated P effect quite low or negligible between 750 and 1000 C for as-fabricated M5™, and at 1100 and 1200°C for both alloys P has potentially an effect on the oxidation rate but does not really modify the (sub-) parabolic oxidation kinetics p Oxidation kinetics, hydrogen uptake and effect of P not significantly modified by in-service pre-hydriding (gaseous charging) up to the end-of-life hydrogen contents expected for Zy-4 and M5™ Weight gains at 850 and 1000°C lower for materials with thin pre-oxide layers (3 to 8 µm thick, formed in autoclave at 360°C with typical PWR primary water chemistry) and ≠ between sensitivities of Zy-4 and M5™ to P significantly reduced after pre-ox. 
